Summary.-Cytoplasts and karyoplasts were obtained by ultracentrifugation of Hepatoma D23 cells on a Ficoll gradient containing cytochalasin B. Their nuclear and protein content and their metabolic activity were determined. Three i.p. injections of 2*3 x 107 cytoplasts were unable to protect syngeneic WAB/Not rats against an s.c. challenge of 104 D23 cells, whereas a similar amount of karyoplasts, or 3 injections of 106 irradiated D23 cells, were fully protective. Ability of cytoplasts to act as primary or secondary immunogen was also studied, and compared to that of 0.01% glutaraldehyde-treated cells, 43°C heat-treated cells and 3M KCl-soluble extracts, these preparations also being of weak immunogenicity. Only heat-treated cells behaved as a primary immunogen, whereas none of the preparations provided a secondary stimulation. Moreover, when these preparations were fed in vitro to peritonealexudate cells before their injection into rats, cytoplasts and glutaraldehyde-treated cells showed no immunogenicity, whereas heat-treated cells induced full protection against tumour challenge. Therefore, in this tumour model, the in vivo persistence of immunogen and the presence of a nucleus are likely to be crucial in inducing transplantation resistance to tumour.
STUDIES ON THE IMMUNOGENICITY of syngeneic tumours have been performed mainly with whole tumour cells, more or less modified by chemical or physical treatment, or with subcellular fractions such as plasma membranes or soluble antigenic extracts (Mathe, 1971) . Most of the results have indicated that intact tumour cells inactivated by irradiation or mitomycin C were usually the best immunogen, and that plasma membranes or soluble antigenic extracts were less immunogenic (Law et al., 1980) or nonimmunogenic in weakly immunogenic tumour models (Price et al., 1978) . Moreover, in the latter study, results obtained on the influence of chemical (glutaraldehyde fixation) or physical treatment (heating) suggested that the degree of immunogenicity of the cell preparation could be related to the level of the residual metabolic activity . In order to evaluate this point, we have investigated the immunogenicity of enucleated cell preparations, since it has been demonstrated that such cytoplast and karyoplast preparations retained some degree of metabolic activity (Wigler & Weinstein, 1975) and cell-surface antigen expression (Berke & Fishelson, 1976; Hale & Paulus, 1979) .
The mass enucleation procedure was derived from the technique previously described by Wigler & Weinstein (1975) . The tumour used in these experiments was the hepatoma D23 initially induced by 4-dimethylaminoazobenzene in a WAB/ Not rat. This tumour has been demonstrated to be immunogenic since injections of irradiated viable tumour cells protected the syngeneic rats against a challenge with a low number of cells (Baldwin & Barker, 1967) . The immunogenicity was weak, however, and no transplantation immunity was observed with soluble antigens (Price et al., 1978) or cells treated with 0.01% glutaraldehyde or heating to 43°C and above .
It is reported here that tumour karyoplasts were able to induce transplantation immunity, whereas cytoplasts lacked this property. The ability of the cytoplasts to act as a primary or a secondary immunogen was also tested, and compared with that of glutaraldehyde-or heat-treated cells and with 3M KCI soluble extracts of Hepatoma D23.
MATERIAL AND METHODS
Animals.-Eight-to 10-week-old male WAB/Not rats were used in these experiments.
Tumour.-The rat hepatoma D23 (Baldwin & Barker, 1967) and its ascites subline were maintained by s.c. or i.p. transplantation in syngeneic WAB/Not rats (Robins, 1975) .
Enucleation procedure.-D23 ascites cells were enucleated as described by Wigler & Weinstein (1975) , with minor modifications. Briefly, 4 x 107 D23 cells were washed x 3 in Dulbecco phosphate-buffered saline (DPBS) treated for 10 min in DPBS containing 0-2 g/l EDTA (Sigma Chemical Co., St Louis, Mo) and resuspended in 3 ml of 11% Ficoll (Pharmacia Fine Chemical, Uppsala, Sweden) in Hepes Eagle minimal essential medium HEMEM) (Grand Island Biological Co., Grand Island, N.Y.) containing 10 ,tg/ml cytochalasin B (Sigma) and carefully layered on a 37°C prewarmed Ficoll gradient consisting of 2 ml each of 25%, 17%, 15%, 13X5% and 12.5% Ficoll in HEMEM containing 10 ,ug cytochalasin B in 16-5ml MSE ultracentrifuge tubes (MSE, Crawley). A final layer of 2 ml of HEMEM containing 10 jug/ml cytochalasin B was added, and the gradient was ultracentrifuged at 35°C for 90 min at 23,500 rev/min on a 6 x 16-5ml MSE Aluminium Rotor.
The 0-11% and 11-12.5% interfaces contained enucleated cells (cytoplasts) and the 17-25% interface contained mainly the karyoplasts. Cytoplasts and karyoplasts were washed x 2 in a large excess of medium and incubated 40 min at 37°C to allow them to recover from the cytochalasin B, and finally pelleted at 600 g for 5 min before final resuspension. Both fractions were analysed for the number of particles excluding trypan blue, nuclei content (Feulgen staining) and protein content (Lowry). Density of these particles was determined by equilibration on a continuous isotonic Percoll gradient (Pharmacia) made by ultracentrifugation for 20 min at 20,000 g on an angular 50 Ti rotor (Beckman Instruments Ltd, Fife) Barker, 1967) . To study the ability of various cell preparations (cytoplasts, glutaraldehyde-or heat-treated cells, 3M KClsoluble extracts) to act as a subthreshold primary or secondary immunogen, the im-munization procedure was modified as follows: rats were immunized i.p. either x 2 with one of the test preparations followed by an injection of 106 untreated irradiated D23 cells, or x 1 with 106 untreated irradiated D23 cells followed by 2 injections of the test preparations. Glutaraldehyde (0.01%) and 43°C heat treatment of irradiated D23 cells were performed as previously described Price et al., 1979) and soluble KCI-3M extract of D23 was prepared as previously reported (Price et al., 1978) . For the feeding of peritoneal-exudate cells (PEC) with the various cell preparations and their transfer to syngeneic rats, the procedure was as follows: PEC were obtained by aspirating the peritoneal cavity with cold DPBS containing 5 u/ml heparin of rats injected i.p. with autoclaved paraffin oil 4 days previously. The PEC were further washed x 3 at 4°C. 4 x 107 PEC were incubated with the various cell preparations for 1 h at 37°C in DPBS. Before the i.p. injection in rats, PEC and immunogen were pelleted by 400g centrifugation for 5 min and resuspended in DPBS. The rats were challenged s.c. 1 week later with 1_04 tumour-derived D23 cells. The index for tumour growth is expressed as immunogenicity index as defined by Law et al. (1980) . This represents the mean tumour volume of the non-immunized control group, divided by the mean tumour volume of immunogeninoculated rats. The mean tumour volume of each group of rats expressed in mm3 is the arithmetic mean of the tumour volumes of the group. Tumour volume was determined by the formula (Attia et al., 1965 ) 1 x d2 x 0-4, where 1 is the largest diameter and d the smallest.
RESULTS
Characterization of cytoplasts and karyoplasts (summarized in Table I ) From 4 x 107 D23 cells applied on the Ficoll gradient 2-8 x 107 + 1-2 cytoplasts and 1-6 x 107 + 0-57 karyoplasts were recovered. More than 95% of the cytoplasts and 60-90% of the karyoplasts retained selective membrane permeability, as determined by their ability to exclude trypan blue. As determined after Feulgen staining, the cytoplasts were contaminated with less than 1% nucleated particles and > 90% of the "karyoplasts" were nucleated, which was confirmed by electron microscopy. The cytoplasts consisted of cytoplasmic fragments surrounded by plasma membrane and containing the usual cytoplasmic organelles, and the karyoplast preparation contained mainly nuclei surrounded by a small amount of cytoplasm and plasma membrane. The cytoplasts' metabolic activity was demonstrated by their ability to incorporate 35,330 ct/min of 3H-leucine per 0-1 mg of protein in acid precipitate, with a very low DNA synthesis (238 ct/min of [3H]-dT incorporation per 0-1 mg of protein); the karyoplasts incorporated 45,149 ct/min of 3H-leucine per 0-1 mg of protein and 
Immunogenicity of cytoplasts and karyoplasts
The results of two separate experiments are detailed in Table II . Three injections of 2-3 x 107 irradiated cytoplasts (containing 0*26 mg protein) were unable to protect the animals against a challenge of 104 D23 cells (tumour incidence 12/12) but significantly delayed tumour growth (immunogenicity index 2, 0 05 < P < 0.025), whereas injections of 106 irradiated D23 cells, which were equivalent in protein content (0-25 mg) were fully protective (tumour incidence 0/12). In contrast, immunization with 1-1 x 107 irradiated karyoplasts protected most of the animals (tumour incidence 1/12). This protection was not related to the contaminating whole cells, since there were < 105 whole D23 cells per injection and this amount of immunogen was significantly less protective (tumour incidence 6/12, P < 0.025) without tumour-growth retardation (immunogenicity index 1 7, P > 0 10). Ability of cytoplasts to act as a primary immunogen. Comparison with glutaraldehyde-or heat-treated cells and soluble cell extract Since cytoplasts alone were only slightly immunogenic, attempts were made to use them as a primary immunogen, and to compare them with other antigenic preparations which have been previously described as weakly or non-immunogenic Price et al., 1978 Price et al., , 1979 . The general immunization procedure, which usually gives a consistent protection with 106 irradiated whole cells, was modified as follows: the first 2 injections were performed with the antigen preparation to be tested and followed by one injection of 106 irradiated unmodified D23 cells, before the challenge. The results of a typical experiment are shown (Table  III) . The use of 2-4 x 107 cytoplasts in the first 2 immunizations was not significantly protective (tumour incidence 3/6, P > 0-10) but delayed the tumour growth (immunogenicity index 4, P < 0-0125); this effect was not as good as 3 injections The same immunization procedure as described above was used, except that rats first received one injection of 106 irradiated D23 cells, followed by 2 injections of the antigenic preparation to be tested. Table IV shows the results of a representative experiment. The injection of 106 irradiated cells 3 weeks before the challenge was not protective but significantly delayed tumour growth (immunogenicity index 2-4; 0-05<P<0-025), whereas 3 injections were again fully protective (tumour incidence 1/6, P < 0-025).
Two injections of cytoplasts after administration of 106 irradiated cells did not protect the animals but slightly delayed tumour growth (immunogenicity index 4-3, P < 0-01), but not significantly when compared with the effect of the immunization with 106 irradiated cells alone. This absence of modification on the immunogenicity of 106 irradiated cells was also found when 3M KCI extract or 430C heattreated cells were used as a secondary immunogen. The use of 0-01% glutaraldehyde-treated cells was again followed by the complete prevention of the weak immunogenicity of 106 irradiated cells (immunogenicity index 1-8, P > 0-10). Transplantation immunity after the transfer of PEC fed with the various antigen preparations
Since the in vitro incubation of an antigen with macrophage preparations before the injection in the animals has been shown to increase the expression of its immunogenicity (Brunda & Raffel, 1977) , we investigated the effect on the immunogenicity of the various antigen preparation after their in vitro feeding to PEC. As shown in Table V, the only cell preparation which was fully able to protect the animals against the tumour challenge after their exposure to 4 x 107 PEC was the 107 43°C heat treated cells (tumour incidence 0/6), P < 0-005). The cytoplasts and 0-01% glutaraldehyde-treated cells were ineffective either in protecting or delaying the tumour growth (immunogenicity index 1; P>040 and 1-2; P> 0 40, respectively) though PEC fed with only 106 irradiated cells were fully protective (tumour incidence 1/6, P < 0-025).
DISCUSSION
The data obtained in this study demonstrate that cytoplasts and karyoplasts can be isolated after a mass enucleation of D23 hepatoma cells on a Ficoll gradient in the presence of cytochalasin B; these preparations retain partial metabolic activity, in accordance with previous findings (Wigler & Weinstein, 1975 (Gerlier, in preparation) . It is more likely that the in vivo persistence of cytoplasts lacking a nucleus was strongly reduced, and their probable, fast degradation did not allow the immune system to be effectively stimulated. This can be compared with the loss of immunogenicity of irradiated D23 cells after their treatment at 43°C : The cells appeared to be almost unaffected by this treatment within a few hours regarding their in vitro metabolic activity (data not shown) but they were degraded after 24h in vitro incubation (Dennick rt al., 1979) , this being very similar to the behaviour of cytoplasts (Wigler & Weinstein, 1975) . In order to explore further the weak immunogenicity of the cytoplasts, their ability to act as a primary or a secondary immunogen in association with a subthreshold dose of untreated D23 cells was evaluated, and compared with that of glutaraldehyde-or heat-treated cells and soluble KCI-3M antigenic extract. The results clearly showed that the cytoplasts were unable to enhance the low immunity induced by 106 untreated cells, whatever the combination, whereas the heat-treated cells could at least express some immunogenicity when injected as a primary immunogen in combination with untreated cells. The glutaraldehydetreated cells and the 3M KCl-solubilized antigen were not only unable to act as a primary or secondary immunogen but completely suppressed the transplantation immunity induced by 106 untreated cells. This complete lack of immunogenicity of the glutaraldehyde-treated cells agrees with the work of Milton (1981) who, showed that glutaraldehyde-treated allogeneic cells were unable to be immunogenic in a primed animal or to prime for helper activity (Milton, 1981) . Since the in vivo rapid degradation of the cytoplasts and heat-treated cells could account for their lack of immunogenicity, we attempted to resolve this point by in vitro feeding of non-immune PEC with these preparations and their transfer to rats. The association of PEC with the cytoplasts did not induce any significant transplantation immunity, though heat-treated cells fully expressed their immunogenicity. The glutaraldehyde-treated cells were also not immunogenic, and it is probable that this treatment modified the plasma membrane by inducing heavy cross-linking of the proteins (data not shown) which became no longer available for effective macrophage processing of antigen (Ramos et al., 1979) . From these studies, it appeared that in a weakly immunogenic tumour model the in vivo persistence of the immunogen is likely to play a crucial role in inducing resistance to a transplanted tumour, and that the presence of a nucleus could be important by stabilizing the immunogen.
